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supplementation helps in maintaining more percentages of intact sperm membranes and enhanced antioxidative properties in sperm cells (Kendall, McMullen, Green, & Rodway, 2000) . Spermatozoa required Zn for the attachment of head to midpiece and for the release of antibacterial compound from prostate gland (Saaranen, Suistomaa, Kantola, Saarikoski, & Vanha-Perttula, 1987) . Copper is involved in maintenance of immunity, connective tissue metabolism, enzyme functions and iron metabolism (Osredkar & Sustar, 2011) .
The delayed onset of puberty and sexual maturity, reduced libido, infertility are common in farm animals due to insufficient Cu availability in feed (Steven, Herd, Field, & Holland, 1992) .
Addition of semen additives to frozen or fresh semen is a common practice to enhance sperm motility and control over enzyme leakage (Arangasamy & Singh, 2002; Fahy, 1986; Sangeeta, Arangasamy, Kulkarni, & Selvaraju, 2015) , which prevent physical damage to spermatozoa caused by dilutions and freezing of semen.
Recently, mineral energy and protein diets are fed before the onset of puberty in farm animals to improve the sperm quality (Dance et al., 2016; Geary et al., 2016) for better freezability and fertilizing ability. Spermatozoa plasma membrane integrity, head membrane intactness and viability are the attributes directly predicts fertilizing potential or fertility outcome of the semen samples (Kasimanickam et al., 2012) . The basic hypothesis is to improve the quality of the sperm production or stored sperm cells or minimize the cryo damages to sperm cells (Koskinen, Junnila, Katila, & Soini, 1989; Renard et al., 1996; Sanchez-Partida, Setchell, & Maxwell, 1999) . Trace minerals feeding is shown to influence the functional structure of the sperm cells (Khan, Rahman, Javed, & Muhammad, 2012; Kumar, Verma, Singh, Varshney, & Dass, 2006; Rafique, Naqvi, & Nankani, 2010) . Supplementation of mineral plays a greater role on scavenging excessive production of superoxide radical due to their antioxidant properties (Khan et al., 2012) . High lipid contents in the spermatozoa membrane predispose the sperm cells for oxidative damages and lipid peroxidation (Aitken, 1989) . However, the beneficial effect of mineral supplementation on seminal plasma antioxidant defense mechanism and spermatozoa quality in bucks is unexplored.
Therefore, thisstudy was designed to find out the relationship between the sperm cells quality and seminal plasma antioxidant scavenging system in bucks after organic Zn and Cu feeding alone or in combination.
| MATERIAL AND ME THODS

| Experimental animals, feeding and management
Forty bucks (n = 40) aged approximately 5 months, maintained in experimental livestock unit of ICAR-National Institute of Animal Nutrition and Physiology, were assigned randomly to 10 groups with four bucks in each. All the goats were fed with concentrate mixture and basal roughages (50%:50%) as per the ICAR recommendation (Ranjhan, 1998) supplemented (for a period of 8 months) either with different levels of organic Zn: 20 mg (T2), 40 mg (T3), 60 mg (T4), organic Cu: 12.5 mg (T5), 25 mg (T6), 37.5 mg (T7) and combination of Zn and Cu: 20 + 12.5 mg (T8), 40 + 25 mg (T9), 60 + 37.5 mg (T10), respectively, per kg dry matter (DM) or fed without additional mineral supplementation (control; T1). The basal diet ingredients were mentioned in Table 1 and concentrate mixture contained 1% salt, 2% mineral mixture, 16% soya bean meal (SBM), 17% ground nut cake (GNC), 20% wheat bran and 44% maize. Necessary permission for conducting animal experimentation was obtained from the institutional IAEC committee ICAR-National Institute of Animal Nutrition and Physiology, Bengaluru.
| Collection of semen
One hundred and sixty semen samples were collected through electro-ejaculator from all the 40 bucks (40 × 4 = 160) and processed. The collected fresh semen samples from each ejaculate were subjected to computer-assisted semen analyser (Microptic, Sperm Class Analyser, Spain) evaluation, live and dead counts, acrosome and plasma membrane integrity analysis. Remaining semen was centrifuged at 600 g for 20 min to separate the sperm cells and seminal plasma. In seminal plasma samples, protease inhibitor PMSF (0.1 M) was added (10 μl) and stored at −80°C until further analysis. The separated sperm cells were made to 100 × 10 6 per ml of phosphate buffer solution and used for lipid peroxidation test (LPO).
| Semen evaluation by Computer-Assisted Semen Analysis (CASA)
The CASA analysis was carried out as previously described (Sangeeta et al., 2015) . A fresh semen (2 μl) was mixed with 500 μl phosphate buffer solution (PBS, pH7.2), from which 5 μl was placed onto a prewarmed (37°C) microscopic slide, and covered with a 18 × 18 mm cover glass before placing on the phase contrast microscope (Nikon Eclipse 50i; Nikon, Japan) stage. The ten consecutive digitalized images (minimum) of 25 frames/s were captured at 10× magnification.
The attributes were set and managed as follows: sperm cell concentrations (5-8 × 10 6 /ml), particle size (3-70 μm), rapid (>50 μm/s), progressive motility were analysed and calculated as described previously (Palacín, Santolaria, & Yániz, 2013) . Four ejaculates per buck were analysed, and minimum of 500 cells were randomly selected from five field imaging.
| Determination of live spermatozoa percent
The live and dead spermatozoa percent in fresh semen smear were determined as per the protocol previously described (Tomar, 1970) using Eosin and Nigrosine staining. A total of 200 spermatozoa were counted using a phase contrast microscope (50i Nikon microscope)
at ×400 magnification and calculated in terms of percentage.
| Hypo-osmotic sperm swelling and Giemsa test (HOS-G test)
The HOS-G test was performed to determine sperm membrane and acrosome intactness (Selvaraju, Ravindra, Ghosh, Gupta, & Suresh, 2008) . In short, 50 μl of neat semen was diluted with 500 μl (HOS 
| Determination of LPO level in sperm cells
The LPO level was determined based on the level of malondialdehyde (MDA) produced by the total number of sperm cells with the specific absorbance coefficient 1.56 × 10 5 mol/cm 3 as described earlier by Selvaraju et al. (2008) .
| Estimation of enzyme activities in seminal plasma
| Catalase (CAT)
The CAT activities in the seminal plasma were measured following the protocol of Aebi (1984) . The decomposition rate of hydrogen peroxide (H 2 O 2 ) into O 2 and H 2 O by the samples in 3 min time was tested at 240 nm wave length using a UV spectrophotometer (Biochrom Libra S32 UV/Vis Spectrophotometer, UK). The reaction was initiated by addition of 10 μl seminal plasma to the total 1 ml reaction mixture containing 100 mM H 2 O 2 and 50 mM potassium phosphate buffer (pH 7.0). The change in the absorbance at 240 nm was measured at 20 s interval until 3 min. The enzyme activity was calculated by 0.0436 mM extinction coefficient of H 2 O 2 at 240 nm.
The catalase activities units/ml of seminal plasma were calculated based on the conversion ability of number of μmol/min H 2 O 2 at 25°C.
| Superoxide dismutase (SOD)
The SOD activities in the seminal plasma were estimated according to the method described by Marklund and Marklund (1974) .
The inhibition of autoxidation of pyrogallol by the SOD enzyme in the samples was tested. The autoxidation of pyrogallol in the presence of EDTA at pH 8.2 is 50%. The reaction was initiated by the addition of 20 mM pyrogallol solution prepared in 10 mM
HCl. The increase in absorbance at 420 nm was measured for 3 min in a UV spectrophotometer (Biochrom Libra S32 UV/Vis Spectrophotometer). The corresponding non-enzymatic reaction rate was assessed by replacing the sample by 50 mM triscacodylic acid buffer. The unit of SOD was described as the amount of enzyme required to cause 50% inhibition of pyrogallol autoxidation, and activity in seminal plasma was expressed in terms of units/ml.
| Glutathione peroxidase (GPx)
The GPx assay was carried out as per the method described by Paglia and Valentine (1967) and modified by Lawrence and Burk (1976) . This assay was based on the oxidation of reduced glutathione (GSH) to oxidized glutathione (GSSG) catalysed by GPx activity present in the sample. The produced GSSG was then recycled back to GSH using glutathione reductase (GR) and NADPH. The total 1 ml assay mixture was comprised of 1.1 mM EDTA, 1.1 mM sodium azide (NaN3), 20 mM NADPH, 1.3 mM GSH and 1 U/ml GR prepared in 55.6 mM phosphate buffer (pH 7.0), 12 mM tert-butyl hydroperoxide in which 10 μl sample was added. The corresponding non-enzymatic reaction rate was assessed by replacing the sample with potassium phosphate buffer (pH 7.0). The decrease in absorbance of NADPH at 340 nm was monitored for 5 min at an interval of 30 s in UV spectrophotometer (Biochrom Libra S32 UV/Vis Spectrophotometer). One unit of GPx was defined as formation of 1 mmol NADP+ from NADPH/ MDA produced(μmol∕30million cells) = OD × 10 6 total volume (ml)
OD × 10 5 test volume (ml) = OD × 10 × 1.5 1.56 × 0.5 min/ml in a coupled reaction at pH 7.0 and 25ºC in the presence of GSH, GR and tert-butyl hydroperoxide. The GPX activities units/ ml in seminal plasma was expressed considering 6.22 mM extinction coefficient of NAPDH.
| GR
The GR activities were measured using the method of Carlberg and Mannervik (1975) . The measurement was based on the NADPH oxidation linked to GSSG reduction into GSH and oxidation of NADPH to NADP. The NADPH shows absorbance at 340 nm, and its oxidation was monitored by decrease in absorbance at this wavelength.
The total reaction mixture had 0.2 mM potassium phosphate buffer (pH 7.0), 2 mM EDTA, 2 mM NADPH and 20 mM GSSG and 10 μl sample. The decrease in the absorbance was monitored at 340 nm over a period of 5 min at an interval of 30 s in a UV spectrophotometer (Biochrom Libra S32 UV/Vis Spectrophotometer).
The corresponding non-enzymatic reaction rate was assessed by replacing the sample with potassium phosphate buffer (pH 7.0).
One unit of GR forms 1 mmol of NADP+ from NADPH/min/ml at pH 7.0 at 25°C temp in a coupled reaction of GSSG. The enzyme units/ml of seminal plasma considering extinction coefficient of NADPH equals to 6.22 mM.
| Statistical analysis
The data were analysed by one-way ANOVA with post hoc Duncan's test and LSD for sperm characteristics and enzyme activities in seminal plasma for comparison with treatment and control samples.
Antioxidant enzymes were correlated with sperm functional attributes using Pearson correlation coefficient. The data were expressed as mean ± SEM, and the values were considered significant at p ≤ .05
and p ≤ .01.
| RE SULTS
| Semen volume, spermatozoa mass motility and concentration
The semen volumes in the ejaculates were similar among the supplemented and control groups of bucks. The mass motility of spermatozoa in all the supplemented groups was higher (p < .01)
as compared to the control group. Semen of all the Zn and Cu supplemented groups alone or in combination had shown higher (p < .05) spermatozoa concentrations compared to the control group (Table 2) .
| Percent of live spermatozoa
The live spermatozoa percentage was significantly (p < .01) higher in all the mineral-supplemented groups than control. However, the values were non-significantly higher in T10 and T4 groups and lesser than control group (Table 2) . TA B L E 2 Neat semen characteristics and functional parameters in control (T1) and treatment groups (T2-T10) CASA, Computer-Assisted Semen Analysis; VCL, curvilinear velocity; VSL, straight line velocity; VAP, average path velocity; LIN, linearity; STR, straightness; WOB, wobbling; ALH, amplitude of lateral head displacement; BCF, beat cross frequency.
Mean ± SE, significant difference: *p ˂ .05 and **p ˂ .01 when compared to control group.
| Hypo-osmotic sperm swelling test (HOST) and percent of acrosome integrity
The functional membrane (p < .01) intactness of the spermatozoa was higher in all the Zn and Cu supplemented groups except in T10 which were supplemented with highest amount of Cu and Zn. The acrosome integrity percent was significantly higher (p < .05) in T2, T7 and T9 (Table 2 ) supplemented groups as compared to the control. The values in the treatment groups T3, T4, T6, T8 and T10 were similar.
| Semen analysis by CASA
Compared to the control individual progressive motility percent of spermatozoa were significantly higher (Table 3) in mineralsupplemented groups T3, T5, T6, T7, T8, T9 (p < .01) and T10 (p < .05). The rapid velocity of the sperm was also noticed higher in treatment groups T3, T5, T6, T8, T9 (p < .01) and T2 (p < .05),
respectively, compared to the control (Table 3) . Type A spermatozoa (Amplitude of lateral head displacement (ALH) > 2.5 μm/s and Straightness (STR) > 85%) were higher (p < .05) in treatment groups of T7, T9 (p < .01) and T2 (p < .05) than the control group. The curvilinear velocity (VCL) of spermatozoa in T4, T5, T7 (p < .05) and T6, T8 (p < .01) groups were higher than control group. Higher straight line velocity (VSL) and average path velocity (VAP) were observed in bucks of T5, T6, T8 (p < .01) groups as compared to the rest and control group. The observed straight line velocity was higher in T3 and T8 (p < .05) than control and other treatment groups.
| LPO level in spermatozoa and correlation with enzyme activities
Malondialdehyde ( 
| SOD
The SOD activities were higher (p < .05) in all the mineralsupplemented groups than control ( Figure 2b ) and were positively (p < .05) correlated with progressive motility (T3, r = .98; T7, r = .98), sperm cells concentrations (T6, r = .98), Type A spermatozoa (T6, r = 1.00), acrosome integrity (T7, r = .99) and fast progressive motility (T10, r = .99).
| GPx and GR
The GPx activities were higher (p < .05) in all the mineralsupplemented groups (except in T7 and T10) than in control (Figure 2c ). The activities of this enzyme were found to be positively (p ≤ .05) correlated with sperm viability (T3, r = .98), semen volume (T2, r = .95), concentration (T3, r = .98) and sperm linearity percent (T2, r = .97) and rapid motility (T3, r = .99).
The GR activities were found higher (p < .05) in all the mineralsupplemented groups (except inT2 and T5) than control (Figure 2d ).
The supplementation of Zn (25% lower than the NRC recommendation) and Cu (25% lower than the NRC recommendation) had similar level of this enzyme activity as in control group. The activities of this enzyme were found positively (p < .05) correlated with mass F I G U R E 1 Effect of organic mineral supplement on MDA levels (μmole/100 × 10 6 sperm cells) in control (T1) and treatment groups (T2-T10), MDA levels were significantly lower (p ˂ .05) in all treatment groups except in T4-Zn 60 and Group T10-Zn 60+ Cu 37.5 in which the MDA levels were significantly higher. *indicates significant difference, p < .05 
| D ISCUSS I ON
Organic Zn and Cu supplementation on onset of puberty, sex hormone level, semen characteristics and cryopreservation in Osmonabadi buck have been studied earlier (Arangasamy et al., 2018 ). The present study was the extension of the same to understand the effects of supplementing Cu and Zn alone or in combinations with various antioxidants enzymes and functional sperm characteristics in the same breed bucks. Organic minerals are found better absorbed, utilized efficiently and are more bioavailable in the body compared to inorganic forms. Supplementation of organic minerals is reported to improve male fertility (Arthington, Johnson, Corah, Williams, & Hill, 1995; Kumar et al., 2006; Rowe, 2011) . The increase in semen volume, sperm concentration, mass motility, plasma membrane and acrosome integrity in zinc supplemented groups were in conformity with the earlier results obtained in bucks (Ibrahim & Yousri, 1992) , crossbred cattle (Kumar et al., 2006) and sheep (Kendall et al., 2000) . The twin minerals, copper (Cu) and zinc (Zn), are involved more in livestock reproduction than any other minerals and therefore have positive influence on overall livestock production (Kincaid, 1988; MacDonald, 2000; Underwood, 1981) . The requirement of Zn for testicular growth and spermatogenesis is greater than the body growth. Zinc plays an important role in male particularly for epithelial cell integrity in testes (Hambidge, Casey, & Krebs, 1986; Saaranen et al., 1987; Underwood & Somers, 1969) .
The dose-dependent improvement of acrosomal integrity, live spermatozoa percentage and functional membrane integrity in the mineral-supplemented groups were in agreement with the earlier report in men (Omu, Dashti, & Al-Othman, 1998) , crossbred cattle (Kumar et al., 2006) and rabbit (El-Masry & Nasr, 2010) . The supplemented organic Zn and Cu had sperm membrane stabilizing action and protective role against oxidative damages in our study. These two minerals are shown deeply involved on various enzymatic reactions and metabolism of protein, carbohydrate, lipid and nucleic acid due to its metalloenzymatic properties (Bettger & O'Dell, 1981; Bíreš, Bartko, Húska, & Bírešová, 1997) . The improvement on sperm motility and velocity parameters in mineral-supplemented groups are in agreement with the previous studies in bucks, sheep and crossbred cattle (Ibrahim & Yousri, 1992; Kendall et al., 2000; Kumar et al., 2006; Wong et al., 2002; Tharwat, 1998) . Studies in man, rat and dog (Kvist, 1982; Kvist & Björndahl, 1985; Kvist, Björndahl, & Kjellberg, 1987; Kvist, Kjellberg, Björndahl, Hammar, & Roomans, 1988) showed that chelated Zn influences the sperm chromatin condensation, maintenance, stability, motility and head-tail detachment of spermatozoa. Zinc also controls energy utilization process thereby changes the motility and velocity patterns using ATP system in the spermatozoa by influencing the action of lactate dehydrogenase (El-Masry & Nasr, 2010) .
Spermatozoa enzymes leak into the surrounding medium, and the level of release depends upon the type of enzyme inhibitor or enzyme defense system present in the seminal plasma or sperm membrane structure (Pace & Graham, 1970) . Sperm cells are protected against the oxidative stress of LPO in the mineral-supplemented groups. However, group T4 and T10 did not protected against the effect of LPO, and the observed values were significantly (p < .05)
higher than the control group. This might be due to the deleterious effect of higher Zn and combination of higher Zn and copper on the sperm plasma membrane. Trace minerals particularly Zn and Cu play an essential role in the metabolism and have the potential ability to reduce oxidative stress through various mechanisms by controlling antioxidant defense systems and transcription factor (Batistel et al., 2016; Ma, 2013) . The reduced sperm cell LPO in the Cu and Zn supplemented bucks in our study indicated sperm cells were protected against the oxidative damage by lipid peroxidation. The antioxidant properties of Zn stabilize the sperm membrane and influence the fluidity of lipids thereby protect the sperm membrane (Sikka, 2001 ).
The antioxidative property of organic Cu and Zn supplementation was based on the reduction in LPO levels coupled with enhancement of enzyme defense system such as SOD, CAT, GPx and GR activities levels in the semen samples. The impairment of sperm function happens by the partially reduced oxygen molecules such as hydrogen peroxide, hydroxyl radicals and superoxide and often leads to oxidation of the membrane lipids. Membrane lipids cause damages to the sperm motility, functional membrane integrity and fertility through oxidative stress (Aitken, 1994; Alvarez & Storey, 1989) .
Seminal plasma CAT and SOD activities need to be balanced for maintaining proper sperm motility (Hsieh, Chang, & Lin, 2006) . The A contradictory results have been published on the correlation of HOST and conception rates. Studies in bulls indicated that hypoosmotic swelling test (HOST) percent is not significantly correlated to sire conception rate deviation scores (Kasimanickam, Kasimanickam, Arangasamy, & Kastelic, 2017) . Others however observed a significant relationship of HOST with in vitro fertilization rate (Brito, Barth, Bilodeau-Goeseels, Panich, & Kastelic, 2003) . The male accessory gland secretions contain mixture of proteins, which are essential for maintaining proper buffering environment, protecting sperm cells structure and viscosity maintenance (Patricio et al., 2016) . The viscosity of semen samples is indirectly involved in the oxidative process (Patricio et al., 2016) . The hypothesis is that supplementation of trace mineral in our study might have caused proper spermatogenesis, protected sperm membrane structure and maintained higher sperm attributes. A positive correlation with antioxidant enzyme activities and LPO levels with the sperm functional attributes indicated increased defense mechanisms to counteract the reactive oxygen formation that would otherwise damage the spermatozoa. Positive correlation between seminal plasma enzyme activities and sperm parameters was observed in human (Pahune, Choudhari, & Muley, 2013) , suggested that could play important role in aetiology of reduced sperm functions of fertile/infertile men (Koca, Özdal, Celik, Ünal, & Balaban, 2003) .
| CON CLUS IONS
In conclusion, supplementation of trace minerals to growing male bucks leads to the improvement in semen quantity, quality and improved the antioxidant defense mechanism as indicated by the reduced spermatozoon LPO and increased seminal plasma SOD, CAT, GPx and GR activities.
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